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For the use of readers who prefer the International System of Units (SI),
the conversion factors for the terms used in this report are listed below.

Multiply By To Obtain
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
square mile (miz) 2.59 square kilometer (kmz)
acre-foot 1,233.5 cubic meter (m?)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada, formerly called mean sea level.
NGYVD of 1929 is referred to as sea level in this report.
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EFFECTS OF URBANIZATION ON
THREE PONDS IN MIDDLETON, WISCONSII'"

By

L.B. House

ABSTRACT

A digital hydrologic model was used to simulate
the effects of future residential development on
pond inflow volumes and resulting water levels of
three ponds in Middleton, Wisconsin. The model
computed the daily water budget and the resulting
water level for each pond. The results of the model
calibration are presented in the report, along with
the existing watershed hydrologic conditions and
runoff volumes for the 1982 study period. Data was
collected during 1982 to calibrate the model; the
data included pond stage, ground-water levels, pre-
cipitation and other meteorological characteristics.
In addition, water-quality samples were collected at
each pond to characterize water quality.

Simulation of pond levels with the 1982 rainfall
and hypothetical, fully developed watersheds did
not result in pond stages greater than those observed
in 1982.

Simulation of pond levels with rainfall having a
20-year recurrence interval (1978) and hypothetical,
fully developed watersheds resulted in maximum
pond stages above those observed in 1982. Peak
stage of Tiedeman’s Pond would increase by 2.77
feet, Stricker’s Pond by 3.91 feet, and Esser’s Pond
by 1.44 feet.

Simulation of pond levels with an estimated
100-year rainfall and hypothetical, fully developed
watersheds result in peak stage increases of 5.30,
5.32, and 1.97 feet above the peak 1982 observed
stages for Tiedeman’s, Stricker’s, and Esser’s
Ponds, respectively.

INTRODUCTION

Urbanization of rural watersheds is changing
the hydrologic characteristics of many small lakes.
Inflow volume and the receiving water quality of
such lakes are likely to change due to urbanization.
However, the specific effects are difficul* to quanti-
fy. Both resource managers and city planners need
more information on how small watevsheds and
lake systems change as a result of urtan devlop-
ment.

Tiedeman’s, Stricker’s, and Esser’s Ponds in
Middleton, Wis., (fig. 1) are examples of ponds in
watersheds that are changing from rural to urban.
The watersheds of these ponds presen‘ly are less
than 50 percent developed. However, all three
watersheds are expected to be fully dev-loped into
medium-density residential areas within 10 years.
The change in land use from primarily row crops to
streets, sidewalks, and lawns will increase each
watershed’s hydraulically connected imprevious
area and increase runoff to the ponds. 1%one of the
ponds has a surface-water outlet; therefore, in-
creased water levels is a likely result of developing
the three watersheds.

This study was done by the U.S. Geological
Survey in cooperation with the cities of Middleton
and Madison, Wis. The three ponds studied are
within the city of Middleton’s jurisdiction, but two
of the three have significant portions of their water-
shed within the city of Madison.



Purpose and Scope

The purpose of this study is to determine the
effects of urbanization on the water levels of
Tiedeman’s, Stricker’s, and Esser’s Ponds in the
Middleton, Wis., area (fig. 1). The effects of future
watershed urbanization with various amounts of
rainfall were estimated and presented in this report.
An additional purpose of the study is to document
existing (1982) nutrient and chloride conditions of
the three ponds.

The scope of the study included data collection
to determine the water balance of the three ponds.
Stage observations and water-quality sampling were
done at each pond and ground-water observation
wells installed adjacent to the ponds. A
meteorologic observation station was installed adja-
cent to Stricker’s Pond to measure air temperature,
rainfall, evaporation, and windspeed. The surface-
water temperature of Stricker’s Pond was also mea-
sured. The hydrologic model used to simulate water
budgets and anticipated urbanization conditions
was calibrated by use of data collected during the
1982 study period.

The study was performed, as follows:

1. Hydrologic data for the three ponds and
their watersheds were obtained for the period Sep-
tember 1981 through early November 1982.

2. Nutrient and chloride concentrations in the
ponds were sampled seasonally to document exist-
ing conditions.

3. A digital-computer model was developed to
simulate a water balance for the ponds and to
simulate future watershed urbanization conditions.

4. Two-, 20-, and 100-year recurrence interval
rainfalls were used to simulate pond water levels for
fully urbanized conditions. The rainfall season was
defined as the period from April 15 through
November 5, and measured as the total precipita-
tion during that period.
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DESCRIPTION OF MIDDLETON PONDS
AND WATERSHEDS

The three ponds were in various stages of water-
shed development during the study period.
Tiedeman’s Pond had the most watershed develop-
ment, and Esser’s Pond the least. All three ponds
are located in closed watershed drainage areas (fig.
1). There is no continuous source of surface-water
inflow to any of the ponds, nor is there any
surface-water outlet from any pond at normal pond
elevations. Details of the conditions existing during
the period of October 1981 through November 1982
are presented in the following sections.

Tiedeman’s Pond

Tiedeman’s Pond has a drainage area of 0.43
mi? (watershed 1, fig. 1). The pond watershed is
approximately 28 percent developed (1982 study
period). About half the drainage area lies within the
city of Madison. The normal pond surface area is
approximately 15 acres at an elevation of 910.0 ft.
There is no surface-water outlet at any observed
pond water level. The area adjacent to the pond is
currently a medium-density! residential area. The
city of Middleton park along the western ard south-
western edge of the pond prevents further develop-
ment adjacent to the pond. Three storr sewers
discharge into the pond from the adjacent residen-
tial areas. The area immediately east of Gammon
Road is under residential development, and the far
southeastern area of the watershe¢ is a
light-density? residential area.

Stricker’s Pond

Stricker’s Pond has a drainage area of 0.87 mi?
(watershed 2, fig. 1). Stricker’s Pond has th< largest
watershed of the three study ponds having over
twice the drainage area of the other two ponds.
Approximately 22 percent of the watershed is devel-
oped (1982 study period). More than half the

1 Medium-density residential areas typically have 20 to 35 percent hydraulically connected impervious arcas.

2 Light-density residential areas typically have 5 to 20 percent hydraulically connected impervious areas.



















































